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T E C H N I C A L  MEMORANDUM X-53529 
F A B R I C A T I O N  O F  A BERYLLIUM 
T E S T  P A N E L  
A B S T R A C T  
This  r e p o r t  desc r ibes  the fabrication of a Beryllium Test 
P a n e l  made  in suppur l  uf p ~ u j e ~ t e c i  pl-Gg:'anis w-hich will vse beryl-  
lium f o r  major  s t ruc tura l  applications. Manufacturing techniques 
involved w e r e  machining, forming,  etching, and a s sembly .  B y  
using p r o p e r  tooling and b y  exercis ing close controls o v e r  each  
operat ion,  the panel w a s  fabricated to the requi red  configuration 
and to l e rances ,  
N A S A  - G E O R G E  C .  MARSHALL S P A C E  F L I G H T  C E N T E R  
c 
N A S A  - G E O R G E  C .  MARSHALL S P A C E  F L I G H T  C E N T E R  
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F A R R I C A T I O N  O F  A B E R Y L L I U M  
T E S T  P A N E L  
SUMMARY 
A n  in-house effort was established to fabr icate  a Bery l -  
lium Test P a n e l  in suppor t  of projected p r o g r a m s  which will u s e  
beryllium in major  s t ruc tura l  applications. Design of the panel 
reflected manufacturing complexities commensurable  with the re- 
quirements  of future p r o g r a m s .  
P r e c i s i o n  forming of beryllium t80 G T  bend radii  w a s  
accomplished with prec is ion  tools at 1350°F with negligible spr ing-  
back .  Uniform and c lose  tempera ture  controls  were requi red  and 
the formed p a r t s  w e r e  slowly cooled in the dies  to room tempera-  
t u r e .  
, 
Rigid suppor t  of the workpieces  during machining with 
good back-up w a s  requi red  f o r  all machining opera t ions .  Texto- 
!ite which i s  v e r y  rigid and p roduces  dust  r a t h e r  than chips when 
machined proved  to b.e an excellent back-up mater ia l .  
P r e c i s i o n  formed pa r t s  of 0 .025  and 0.050-inch thick 
beryllium w e r e  assembled  with mechanical f a s t ene r s  into a 
s t ruc tu ra l  panel.  
T E C H N I C A L  MEMORANDUM X-53529 
F A R R I C A T I O N  O F  A B E R Y L L I U M  
T E S T  P A N E L  
S E C T I O N  I .  I N T R O D U C T I O N  
A joint effort w a s  established between the Manufacturing 
IiIngineering and P ropulsion and Vehicle Engineering L a b o r a t o r i e s  
to develop a beryllium h a r d w a r e  test specimi--n in suppor t  of p ro -  
j(2cted prograrris 
cations.  A test panel w a s  designed by R - P & V E - S A F  to reflect 
a d e g r e e  of manufacturing complexity commensura te  with future 
a e r o s p a c e  requi rements .  T n e  Manufacturing Engineering L a b o r a -  
t o ry  fabricated the Test  P a n e l  which requi red  beryllium operat ions 
in the following areas:  
wkiicli will u s e  be rylliurrl in  major  s t ruc tura l  appli- 
a .  Hot Forming  
b .  Machining 
c .  Etching 
d .  Assciribly 
C ross-rol led 0 . 0 2 5  anti 0 .O5O-inch thick beryllium s h e c t  
with 70 ,000  psi  minimum tensile strength and 50 ,000  psi  minimum 
\ i e l ( l  sLrt-rLgtli , pri r ~ c ~ l i ~ i s c ~ c l  i I r  I ) . , ( . ( .  t i i t J e  I ' ,  1 0 0 4 ,  w a s  r l s v c i  f o r  ttit. 
p r o g r a m .  Hot forming w a s  accomplished in a l a r g e  b r a k e  p r e s s  
with special  i n se r t s  in the box beam titanium hot forming dies which 
w e r e  heated to 1 3 5 0 ° F .  Flattening of the beryllium face  s h e e t s  
w a s  a c l i i c v e c l  t)e:twec.ri tic3avy 3 0 3  s t a i n l r x P s  ster.1 p1aLc.s i n  (-(ill- 
vc.iitioiia1 elc,ctrio furnaces a t  1 3 5 0 "  F . 
Beryllium machining capa1,ility i s  not cu r ren t ly  available in 
tlict Manufacturing Engineer ing L a b o r a t o r y  s o  this p h a s e  of the w o r k  
w a s  perfornied in the R-ASTR-P S facility. All final assernbly 
work  w a s  coiripleted in the Manufacturing 14:ngineering I J a b o r a t o r y .  
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S E C T I O N  11. O P E R A T I O N S  
A .  T O O L I N G  
1. G e n e r a l .  P r e c i s i o n  tooling is essent ia l  to the 
fabrication of beryllium shee t  s t r u c t u r e s .  Hot forming of this 
material  r e q u i r e s  that the precis ion tooling be capable of maintain- 
ing a uniform tempera ture  at the die face  and be res i s tan t  to oxi- 
dation. Integral ly  heated ce ramic  dies  which have practically no 
thermal  expansion,  distortion, or oxidation have been used  f o r  
s imilar  forming applications on the Beryllium Box B e a m  ( R e f e r e n c e  
1 )  * 
Stee l  dies  w e r e  selected f o r  the box beam appli- 
cation because  the titanium hot forming d i e s ,  AT-17-A-X-101,  with 
heating platens and electrical  controls w e r e  available.  Type 
303 s ta inless  s teel  i n se r t s  fo r  u s e  with these  tools w e r e  fabri -  
cated to produce  the requi red  configurations. 
Fo rming  w a s  accomplished with the dies  installed 
in a 12-foot b r a k e  p r e s s  ( F i g u r e s  1 and 2 ) .  Many problems w e r e  
encountered :  
a .  Forming  tempera ture  of 1350°F  w a s  the maxi- 
mum available t empera tu re  of the heating platens and could be ob- 
tained only af ter  5 to 7 hours  of continuous heating ( F i g u r e  3 ) .  
b .  Tempera tu re  variation in the flattening dies  
w a s  1 5 0 ° F  and approximately 4 0 ° F  in the Ifhat'' section d ies .  
c .  Excess ive  w a r p a g e  of the platens and dies  
w a s  evident. 
d .  Ri.ectrica1 fai lures  w e r e  caused  by arc ing  be- 
tween  the w i r e s  leading to the heating elements .  
e .  Insulated hea t  shields had to be fabricated f o r  
the s ides  and ends  of the dies in o r d e r  to r e a c h  the 1 3 5 0 ° F  forming 
t e m p e r a t u r e .  
3 
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F I G U R E  2 .  E L E C T R I C A L  CONTROLS F O R  H E A T I N G  
ELEMENTS IN 1 2 - F O O T  B R A K E  P R E S S  
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F I G U R E  3. H E A T I N G  C U R V E  O F  H O T  F O R M I N G  "HA 
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2 .  "HatIf Sec t ion .  The  hot forming lfhattf section 
die as originally designed had  approximately 0.0505-inch c l ea rance  
between the male and female p a r t s .  This  c l ea rance  w a s  cons idered  
insufficient f o r  forming 0.050-inch mater ia l ,  so  the female die w a s  
opened 0.005-inch on both s i d e s ,  S ince  parallel  s ides  w e r e  re- 
qui red  on  the finished p a r t ,  it w a s  decided the die c l ea rance  should 
be held to a minimum. Utilizing 0.050-inch s ta inless  s teel  blanks,  
a determ-ination w a s  made  that t he re  was adequate c l ea rance  f o r  
forming.  F i g u r e s  4 and 5 show forming of the llhatll section and 
F i g u r e s  6 and  7 show the Ithat11 section after forming.  
Boron nitride paste  w a s  used  as a lubricant 
( F i g u r e  8 ) .  A smooth thin coating w a s  applied on the beryllium 
hlank p r i o r  to heating and w a s  removed after forming with e m e r y  
p a p e r  while the  p a r t  w a s  submerged  in w a t e r .  T h e  lubricant w a s  
carefully applied s ince uneven coating resu l t s  in  impress ions  in the 
formed p a r t s .  
T h e  following p r o c e d u r e  w a s  established f o r  form-  
ing the beryllium blanks : 
a .  Hea t  the forming dies to 1350°F and allow 
sufficient soaking time f o r  the tempera ture  to equalize.  
b .  Lubr ica te  the beryllium blank with a smooth 
thin coating of boron nitride paste and place against  the hot die to 
h e a t .  
c .  P l a c e  the beryllium blank on the locating pins 
after it h a s  expanded sufficiently ( 1 0  to 15 minutes) f o r  the slotted 
holes  in the blank to slide o v e r  the pins.  
d .  S o a k  the blank 15 to 20  minutes.  
e .  F o r i n  the blank in approximately one minute 
rising the adjustment feature  of the  b rake  p r e s s .  
f .  S o a k  15 minutes after forming. 
g .  Cool  the formed p a r t  to room tempera ture  in 
the die to prevent  w a r p a g e .  
A total of eight blanks w e r e  fo rmed .  F o u r  w e r e  
sa t i s fac tory  in all r e s p e c t s ;  two had c r a c k s  a round the locating hole 
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at one e n d ;  and two had l a r g e  scat tered c racks .  N O  difficulty 
was  exper ienced  in meeting the 6 T  bend radii .  T h e  resu l t s  of the 
forming are  summar ized  in Table  I .  
Blank 
N o .  
1 
2 
3 
4 
5 
6 
7 
8 
TABLE I .  F O R M I N G  R E S U L T S  
L u b ricant 
B o ron  Nitride 
P aste 
B o r o n  Nitride 
P aste 
R o ron Nitride 
Paste  
Molybdenum 
Disulfide with 
0.0015-inch 
scuff s h e e t s  
B o r o n  Nitride 
Paste 
B o r o n  Nitride 
Paste 
B o r o n  Nitride 
Paste 
B o r o n  Nitride 
Paste 
C lea rance  
Between Dies  
in I n c h e s  
0 .056  
0 .056  
0 .056  
0 . 0 6 1  
0 .061  
0 .061  
0 . 0 6 1  
0 .061  
Resul t s  
Sat isfactory 
T2 ight S c ratching 
Cracks  a t  one end 
around locating hole 
L a r g e  Cracks  
L a r g e  C r a c k s  
Caused  by Scuff 
S h e e t  Tea r ing  
V e r y  Light Scra tch ing  
Sat isfactory 
Very  Light Scra tch ing  
Sat isfactory 
V e r y  Light Scra tch ing  
Cracks  at one end 
a r o  und lo c atin g hole 
V e r y  Light Scra tch ing  
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3. Flattening. Beryllium shee t  received f r o m  the 
manufac turer  w a s  not flat enough f o r  the c lose  tolerance requi re -  
ments of the panel. A flattening operation w a s  requi red  and d ies  
w e r e  made f o r  the heated platens on the b r a k e  p r e s s .  T h r e e  
attempts w e r e  made to flatten the 0.025-inch face shee t s  but all 
w e r e  unsuccessful because  of the wide variation in tempera iure  
( 1 5 0 ° F )  within the d ies .  T h e  1 3/4-inch by 13-inch by 60-inch 
303 stainless s teel  plate dies  w e r e  removed and used  successfully 
to flatten the beryllium sheets in a n  electr ic  fu rnace .  
T h e  following p rocedure  f o r  flattening w a s  estab-  
lished : 
a. Hea t  the dies  to 1 3 5 0 ° F  in the f u r n a c e .  
b .  I n s e r t  the beryllium shee t  between the hot 
d ies .  
c .  S o a k  10 minutes,  then l o w e r  the top die .  
d .  S o a k  30 minutes at 1 3 5 0 ° F .  
e .  F u r n a c e  cool to room tempera ture  between 
the two dies .  
The  resulting blanks,  0.025-inch by 12-inch by 
37.180-inch, w e r e  flat to a s u r f a c e  plate within 0.005 inch at all e d g e s .  
B .  M A C H I N I N G  
All machining w a s  per formed in the R - A S T R - P S  
facility using their  equipment and personnel .  D u s t ,  ch ips ,  etc. , 
w e r e  exhausted through a 1 1/2-inch flexible hose  with an  a i r  
velocity of 5000 - 8000 feet p e r  minute. A conventional type 
Bridgeport  vertical  milling machine with solid carb ide  3/8-inch 
d iameter ,  8 flute, sp i r a l  beryllium type end  mill cu t t e r s  and solid 
carb ide  b u r r  type beryllium drills w a s  used  f o r  all machining. 
Both type cutting tools w e r e  obtained f r o m  Metal Removal  C o r p o r a -  
tion, Chicago,  Illinois. 
14 
Data  on cutting and drilling w a s  as follows: 
Cutting 
R P M  - 660  
Manual F e e d  - 3/4 to 1 foot p e r  minute 
Rough C u t  - 0.125 to 0 .175  inch removed 
p e r  cut  
Finish C u t  - 0 .030  to 0.080 inch removed 
p e r  cut 
D rilling 
R P M  - 6 6 0  
F e e d  - 0.0015 inch p e r  revolution 
I n  drilling and machining beryllium shee t  the p a r t s  must  
be rigid and should be backed u p  with a material  t h a t  p roduces  
dus t  r a t h e r  tlian chips during machining. Textolite obtained f r o m  
Csneral  Electric w a s  found to be an  ideal back-irp mater ia l .  
Drilling the holes  in the final Assembly  Drill J ig ,  A D J  
145 1 2 ,  w a s  satisfactory f o r  the llhatlf sections but unsatisfactory 
f o r  the face  s h e e t  because  of insufficient back-up. Assembly  of 
p a r t s  in the drill jig i s  shown in F i g u r e s  9 ,  1 0 ,  11, and 12 .  T w o  
f a c e  shee t s  w e r e  broken  using the drill jig as designed.  Sxccessfu l  
drilling w a s  accomplished by backing up the entire blank with a 
textolite s h e e t  ( 1/2 inch by 13 1/2 inches by 3 6  inches )  which 
w a s  fastened to the drill plate with eight bolts and fou r  dowel pins 
( F i g u r e  13 and 1 4 ) .  
T w o  b r e a k s  in a ffhatf l  section w e r e  c a u s e d  by alumi- 
num chips  lodged between the aluminum zhannel and the beryllium. 
I t  was determined that this could be eliminated by withdrawing the 
drill and removing all aluminum chips  as soon as the drill came in 
contact  with the beryllium. 
15 
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To eliminate s p a c e r s  between the channel  and  beryl-  
lium p a r t s  in the final a s sembly ,  a pa i r  of channels  w a s  fabricated 
to give a metal-to-metal contact with the etched beryllium. T h r e e  
holes  w e r e  located in e a c h  of the channels  with a t r a n s f e r  punch.  
T h e s e  holes w e r e  then u s e d  to locate the channel in the drill jig 
for drilling the remaining holes.  
C .  E T C H I N G  
To remove  a n y  material damaged by machining, drill- 
ing ,  o r  debur r ing ,  the p a r t s  w e r e  etched in a 10 p e r c e n t  ( b y  weight) 
solution of sulfuric acid to remove  0 .002  inch f r o m  all s u r f a c e s .  
Th i s  etching i n c r e a s e d  the s i ze  of the holes  in the 0.025-inch 
mate rial approximately 0 . 00 6 inch and in the 0.050-inch mater ia l ,  
approximately 0 . 0 0 5  inch.  
O n  removal  of the p a r t s  f r o m  the etching tank ,  c r acks  
were quite evident. A few of the c r a c k s ,  extending to 1 1/2 inches  
in length,  did not completely penetrate  the 0.025-inch mater ia l .  
D .  H A R D W A R E  
Drawing  S K 3 0 - 5 6 6  specified blind bolts,  flat head  bolts 
with locking nuts ,  and Hi-Lok f a s t e n e r s  ( F i g u r e  1 5 ) .  T h e  Hi -  
L o k  and blind bolts are  controlled torque  f a s t e n e r s  whose  p a r t s  
s h e a r  when a cer ta in  torque and minimum tensile stress in the 
bolt are reached .  Data f r o m  the v e n d o r  s h o w  the following loads 
can  be expected: 
1. Hi-Lok F a s t e n e r s  - 15 to 25 inch-pounds r equ i r ed  
to torque off. Minimum tensile in bolts - 1220 pounds .  
2 .  Blind bolts - minimum tensile load of f a s t ene r  - 
992 pounds .  
T h e  Hi-Lok bolts had  a 0.015-inch r ad ius  between 
the head  and the shank which could c a u s e  c r a c k s  in the beryllium 
s h e e t  unless  c l ea rance  w a s  provided.  W a s h e r s  ( A N 9 6 0 - P D 8 )  
with a 90 degree  countersink f o r  c l ea r ing  this r a d i u s ,  w e r e  
used  in 128  locations on the beryllium face s h e e t .  
22 

E.  A S S E M B L Y  
T h e  following method w a s  established f o r  installing the 
components into the final assembly:  
1. F a s t e n  the clip angles  to the l ~ h a t l ~  sect ions ( H i -  
L o k  f a s t e n e r s  were substituted f o r  blind f a s t e n e r s ) .  
2 .  A s s e m b l e  all p a r t s  and i n s e r t  all f a s t e n e r s  with- 
out tightening ( by vary ing  the sequence  of a s sembly ,  all f a s t e n e r s  
were  inser ted  in the ho le s )  . 
3 .  Tighten e v e r y  o the r  f a s t e n e r  without torquing off 
the nut, beginning at the c e n t e r  of the panel and working in both 
direct ions.  
4. Tighten all f a s t e n e r s  and torque off nuts ,  beginning 
at the cen te r  and working in both direct ions.  
W a s h e r s  which w e r e  chamfered  sufficiently to c l e a r  
the f a s t ene r  s tem to head  rad ius  w e r e  used  w h e r e  the h e a d s  w e r e  
next to the beryllium face  shee t .  
Sixteen Hi-Lok f a s t e n e r s  w e r e  substituted f o r  blind 
bolts f o r  fastening the clip angles  to the "hat" sect ion.  This  w a s  
n e c e s s a r y  because  s o m e  of the f a s t e n e r s  w e r e  back-o rde red  a n d  
n e v e r  rece ived .  T w o  v iews  of the assembled  Reryll ium Test 
P a n e l  are  shown in F i g u r e s  1 6  and 1 7 ,  respect ively.  
Component p a r t s  of the Beryll ium Test P a n e l  w e r e  
weighed and the resu l t s  are tabulated in Table  11. Total weight 
w a s  19 1 3 . 5  g r a m s  ( 4 .25  pounds)  which w a s  distributed as follows : 
P e r c e n t  of Total  Weight 
Reryllium Face S h e e t  
Beryllium IIHatlf Sec t ions  
F a s t e n e r s  
Aluminum Clip Angles  
Aluminum Channels  
2 4  
15 
23 
22 
6 
34 

I 
a w 
I .  
I 
I J  
L 
a, 
k 
; a 
k 
d z 
cn 
cu 
I 
m 
I 
cu 
0 
(0 
a 
ffi 
v 
I 
U J  
I 
0 
03 
r 
4 
J 
z 
cu 
1 
In 
I 
0 
r a 
rl 
4 
z 
4 
a, 
a, 
s 
ul 
a, 
0 
d 
h 
ffi 
a, 
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S E C T I O N  111. C O N C L U S I O N S  A N D  R E C O M M E N D A T I O N S  
Beryllium s h e e t  of 0.025 and 0.050-inch th icknesses  can  
be  fabricated into m2chanically fas tened assembl ies  if p r o p e r  con- 
t ro l s  are maintained. Every effort mixst be  made to eliminate 
o p e r a t o r  e r r o r  and to e n s u r e  optimum conditions in e v e r y  phase  
of cutting, drilling, forming ,  handling, and assembly .  
Close to le rances  can  b e  met  in the hot forming operat ions 
through p r o p e r  tooling and c lose  control of time and t empera tu re .  
T h e r e  w a s  negligible spr ingback  in beryllium when p a r t s  w e r e  
formed at 1 3 5 0 ° F  and then slowly cooled to room t empera tu re  in 
the forming dies  to prevent  w a r p a g e .  
Rigid suppor t  of the workpiece  during all machining o p e r a -  
tions i s  n e c e s s a r y .  Textolite produced  by Genera l  Electr ic  w a s  
an  excellent backup mate r ia l .  
N o  fai lures  in bends w e r e  exper ienced  during the forming 
of 0.050-inch beryllium s h e e t  to 0,300-inch radii  ( 6 T  bends )  when 
accomplished at 1 3 5 0 ° F .  
Boron  nitride pas te  w a s  a sat isfactory lubricant  f o r  hot 
forming the beryllium Ifhat11 sect ion.  A v e r y  thin even  coat  w a s  
requi red  s i n c e  uneven coating resu l t s  in impress ions  in the fo rmed  
beryllium p a r t s .  Removal  of the lubricant w a s  accomplished with 
e m e r y  p a p e r  while the p a r t  w a s  submerged  in w a t e r .  
A minimum c l e a r a n c e  of 0 .060  inch between the male and 
female die i s  recommended f o r  f fhot f f  orming 0.050-inch beryllium 
s h e e t  to (iT bend radii .  1,css c l e a r a n c e  can  be used  but will 
resul t  in more  s c r a t c h e s .  
D rilling through aluminum into beryllium i s  not recommended 
but can  be accomplished with p r o p e r  precaut ions .  I f  the drill i s  
withdrawn and all aluminum chips  removed as soon as the drill 
contacts the beryllium, no chips  can  become lodged between the 
two alloys to c a u s e  b r e a k a g e .  
2 8  
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